Lead isotope ratios, viz. Pb, of the commercially available certified reference materials (CRMs) issued in Japan are presented with an objective to provide a data set, which will be useful for the quality assurance of analytical procedures, instrumental performance and method validation of the laboratories involved in environmental lead isotope ratio analysis. The analytical method used in the present study was inductively coupled plasma quadrupole mass spectrometry (ICPQMS) preceded by acid digestion and with/without chemical separation of lead from the matrix. The precision of the measurements in terms of the relative standard deviation (RSD) of triplicated analyses was 0.19% and 0.14%, for 207 Pb/ 206 Pb and 208 Pb/ 206 Pb, respectively. The trueness of lead isotope ratio measurements of the present study was tested with a few CRMs, which have been analyzed by other analytical methods and reported in various literature. The lead isotopic ratios of 18 environmental matrix CRMs (including 6 CRMs analyzed for our method validation) are presented and the distribution of their ratios is briefly discussed.
Introduction
Lead isotope ratio analysis is a promising method for the source identification of lead contamination in environmental water, 1,2 sediment, 3-5 soil 6,7 and atmosphere [8] [9] [10] [11] as well as in living organisms. [12] [13] [14] [15] Isotope ratio measurements of environmental and biological samples have become extensive after the advent of inductively coupled plasma mass spectroscopy (ICP-MS). 16, 17 In isotope ratio analysis, as in all chemical analyses, the quality control and quality assurance of the analytical results are the crucial requirements. The use of a certified reference material (CRM), with a matrix composition similar to that of the sample of interest, is the most practical means to ensure the quality of a chemical analysis and analytical data. 18 However, so far, matrix CRMs, in which the lead isotopic ratios are certified, have not been available, and the need for environmental matrix CRMs for lead isotope analysis is growing due to the widespread application of lead isotope ratio analysis in the fields of environmental science, such as environmental monitoring. In this paper, we present the lead isotope ratios of the commercially available CRMs produced in Japan. A CRM is a sample that has been produced under carefully controlled conditions to ensure stability and homogeneity as well as to be free from exogenous contamination. Thus, we expect that the isotope ratio data presented in this paper portray the general isotopic distributions of lead in various environmental and biological matrices in Japan. Our purpose is to provide lead isotope ratio data for the widely available CRMs of Japanese origin which (i) will facilitate future inter-laboratory crosschecks of the accuracy of the analytical methods and the results in environmental lead isotope ratios analysis, and (ii) will serve as a basic data set of lead isotopic compositions in the Japanese environment.
Methods and Materials

Samples
The lead isotopic ratios of the following CRMs were determined and presented in this report: JSd- 21 Other CRMs were analyzed after digestion and dilution without chemical separation. The separation of lead from the digest was carried out when the lead concentration was low and/or the relative abundance of the matrix to lead was large. The digestion and separation were carried out in a class 1000 clean room.
Reagents
The acids used for the digestion of CRMs were of ultrapure grade from Kanto Chemicals (Tokyo, Japan). All other reagents were of heavy metal analysis grade or better, purchased from Kanto Chemicals.
ICP-MS analysis
The lead concentration and isotope ratios in the CRMs were determined by an inductively coupled plasma mass spectrometer (ICP-MS) (HP 4500, Yokogawa Analytical Systems, Tokyo, Japan). The instrumental parameters of the present ICPQMS measurements of lead isotope ratios are given in Table 2 . The ICP multi-element standard solution from EM Science (NJ, USA) was used for the determination of lead concentrations. The digest solutions were diluted to a range of 20 -25 ng/mL of lead content, using MilliQ water (Milliporepurified Water) and ultrapure nitric acid for the isotopic ratio determination. The NIST SRM 981 was used to correct the mass bias of the ICP-MS instrument used for the isotope ratio analysis. The typical within-run precision of the isotope ratio measurement of NIST SRM 981 was around 0.2% for both 207 Pb/ 206 Pb and 208 Pb/ 206 Pb.
All of the laboratory utensils used in the digestion, preparation of standards and reagents, and storage of digests were properly washed, acid-soaked and finally rinsed with MilliQ water prior to use.
Results and Discussion
Accuracy of lead isotope ratio analysis
In Table 3 , the lead isotope ratios for the NIST SRM 2709 San Joaquin Soil, NIST SRM 1400 Bone Ash, NIST SRM 1486 Bone Meal, four rock CRMs of GSJ and two CRMs of NIES, obtained in the present study, are compared with the reported isotopic data, which were obtained by other methods, such as thermal ionization mass spectrometry (TIMS) and secondary ionization mass spectrometry (SIMS).
Five independent analyses were carried out for the NIST SRM 2709 San Joaquin soil in this study. NIST SRM 1400, SRM 1486, JR-1 and NIES CRM No. 2 and No. 8 were triplicated, and for the remaining GSJ rock standards viz. JA-1, JB-2 and JG-1, a single measurement was performed. The mean RSD values among these measurements were 0.24% and 0.09% for 207 Pb/ 206 Pb and 208 Pb/ 206 Pb, respectively. Isotope ratios in conformity with those of other measurement methods were achieved in all cases, though a slight difference was observed in the isotope ratio of rock CRMs, JA-1, JB-2, JG-1 and JR-1. This slight deviation may be attributed to the fact that our analytical values for these GSJ CRMs were based on a single measurement. Table 4 presents the lead isotope ratios of the CRMs analyzed in this research, which have not been reported in other studies so far. The precision of the isotopic ratios measurement in terms of the mean RSD among the triplicated samples of each CRM, except for NIES No. 18 Human Urine (single measurement), were 0.18% and 0.15%; the range of RSD varied between 0.06% to 0.31% and 0.05% to 0.33% for 207 Pb/ 206 Pb) among the triplicated analyses of NIES No. 6 Mussel may be due to the low concentration in the CRM digest (∼9 ng/mL).
Although the relationship among the compositions of lead in the different environmental media in Japan cannot be fully discussed here, the possible reasons for the similar range of the isotopic compositions of the CRMs Japanese origin, including those used for our method validation ( 
Coal fly ash, Isogo thermal power plant, Kanagawa Lake sediment, Lake Kasumigaura, Ibaraki Pb according to Sato (1975) , 24 can lead to the conclusion that the sample for JSd-1 Stream Sediment, collected in Hitachi, Ibaraki was free from lead other than natural sources. The lead isotopic composition data of JLk-1 Lake Sediment, NIES No. 20 Lake Sediment and No. 21 Soil showed slightly higher isotope ratios, compared to that of the domestic lead range. This can be ascribed to lead from atmospheric fallout, of which the isotope ratios are typically 0.8630 and 2.0995 for 207 26 Thus, both CRMs certainly contain particulates from the combustion of leaded-gasoline and the isotopic compositions were found to be markedly high compared to those of other CRMs.
Conclusion
The isotope ratio data for the CRMs, issued from the institutions in Japan, are presented. We expect that this data set can be applied for future crosschecks of the analytical results, methods and instrumental measurements. This study also suggested that systematic lead isotope analysis of a series of CRMs can contribute to understand the lead distribution in Japan from geochemical and environmental points of view, though CRM is not originally produced for this purpose.
